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INTRODUCTION 


PETER H. RAVEN 
President Emeritus, Missouri Botanical Garden 


The plants of the California Floristic Province 
have been a source of interest, inspiration, and 
delight ever since their diversity and beauty was 
first realized more than two centuries ago. Here 
multiple authors, including many of those most 
versed in the taxonomic intricacies of the region’s 
plants, present a modern, solidly-based, synthetic 
analysis of these plants, including for the first 
time both vascular plants and bryophytes, that is 
both a worthy contribution to our understanding 
and at the same time an invitation to probe ever 
more deeply into the virtually endless riddles that 
the origins and relationships of these plants 
present. 

The analysis of this flora that Dan Axelrod and 
I prepared in the mid-1970’s reached somewhat 
similar conclusions to those of the present paper, 
but they were far less nuanced and rigorously 
based than the ones presented here. Our paper 
included an analysis of the regional fossil record 
that attempted to interpret the plants of the region 
within the context of the history of North Ameri- 
can floras. We traced some of the factors responsi- 
ble for formation of the contemporary plant 
assemblages, including both massive extinction 
and explosive speciation in the edaphically highly 
varied, mostly summer-dry slopes, mountains, 
and plains of the California Floristic Province. It 
remains startling to consider the rich diversity of 
the ancient warm-temperate forests that once 
clothed these areas, with their rich representation 
of both Angiosperms and conifers, but were then 
eliminated over tens of millions of years with the 
spreading drought that accompanied the forma- 
tion of cold offshore currents along the coast. 
Although our knowledge of the regional paleo-his- 
tory has been amplified over the past forty years, 
particularly by our understanding of the geologi- 
cal history of the Great Basin and of the timing 
of the formation of the cold currents, the account 
we presented forty years ago stands up well in its 
general outlines. 

Our ability to produce useful databases was 
limited in the 1970’s by the lack of suitable com- 
puters and the associated software that so facili- 
tate our ability not only to perform analyses in 
the first place, but even more importantly, to 


keep the results of those analyses in a form where 
they remain useful to serve the needs of future gen- 
erations of botanists. As these botanists continue 
to go over the data with improved information, 
they will be able to use analyses like those pre- 
sented here for decades and centuries to come 
and thus to improve them continuously. The 
application of DNA analysis to our understanding 
of the evolutionary relationships of plants and 
hence to improved taxonomies barely existed 
then, and has contributed many novel insights 
since that time. Largely as a consequence of the 
application of these methods, the number of gen- 
era recognized in the California Floristic Province 
for what has remained roughly the same total 
number of species has grown by about 50% over 
the past four decades. Many substantial differ- 
ences both within and between groups have been 
detected by molecular analyses during this period, 
with the results of these analyses often leading to 
revised taxonomies. 

Many of the assemblages of plants that occur 
within the boundaries of the California Floristic 
Province have been altered rapidly as a result of 
the assaults of invasive plants and animals over 
the years. Thus the golden-brown hills of Califor- 
nia are colored largely by grasses and bur-clovers 
of Mediterranean origin that arrived with the first 
missionaries nearly 250 years ago and spread to 
cover most of the State. Hundreds of additional 
species are being added and spreading rapidly, 
with many more to come. The population of Cali- 
fornia itself has grown from fewer than 200,000 
people when my ancestors arrived with the Don- 
ner Party 170 years ago (1846), to 6.3 million 
when I was born (1936), to about 22 million 
when Axelrod and I were writing our paper 
(1976), and on to 39.3 million today (well over 
40 million in the California Floristic Province), 
with demands for ever-increased per capita con- 
sumption growing much more rapidly than the 
increase in numbers of people. Global climate 
change, a subject of debate in the 1970’s, has 
emerged as a major factor driving extinction in 
California and elsewhere. The future of our cli- 
mate is uncertain, but it is one that will doubtless 
wreak havoc on our native ecosystems (and to 
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our economy) for decades and possibly centuries 
to come — depending on how vigorously we decide 
to respond to it. © 

It is for these reasons that the conservation of 
plants emerges as so important within the Califor- 
nia Floristic Province generally. According to esti- 
mates presented in the following paper, some 6927 
native minimum rank taxa (MRTs) occur within 
the California Floristic Province, with 2612 of 
them endemic vascular plants and 37 endemic 
bryophytes. A high degree of sharing across politi- 
cal boundaries (41% of the vascular plant MRTs 
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and 58% of the bryophytes) into southwestern 
Oregon and northwestern Baja California means 
that regional conservation efforts, to be effective, 
must be concerned with the plants of whole 
California Floristic Province and not simply with 
those of the State of California. Fortunately this 
conclusion is being implemented both by the 
Center for Plant Conservation and by California 
Plant Rescue. We can hope that their efforts will 
be funded adequately to save the botanical treas- 
ures of the region for our descendants to study 
and to simply enjoy. 
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ABSTRACT 


The California Floristic Province (CFP) is an area of high biodiversity and endemism 
corresponding roughly to the portion of western North America having a Mediterranean-type 
climate. High levels of diversity and endemism in the CFP are attributed to the unique geo-climatic 
setting of the region. In recent years} much has been learned about the origins of plant diversity in 
western North America. This work, however, has been hindered by a focus on political rather than 
biotic regions, such that much more is known about diversity and endemism in the state of California 
than the natural biotic region represented by the CFP. Here we present a preliminary list of native 
land plants (vascular plants and bryophytes) found in the CFP, as well as an analysis of diversity and 
endemism patterns at the level of both species and minimum rank taxa (MRT; species and 
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infraspecific taxa). A total of 6,927 MRT are native to the CFP, including 6,143 vascular plants and 
784 bryophytes. Of these, 2,612 vascular plants are endemic to the CFP (42%) compared to 37 
endemic bryophytes (5%). Finally, 2,506 native CFP vascular plant MRT (41% of the CFP flora) and 
454 CFP bryophyte MRT (58% of the CFP flora) are found outside California in the Oregon and Baja 
California parts of the CFP. This high degree of sharing across political boundaries among both 
vascular plants and bryophytes highlights the cohesiveness of the CFP, and the need to focus more 
research effort on biotic regions. 


RESUMEN 


La Provincia Floristica de California (PFC) es una zona de alta biodiversidad y endemismo que en 
gran medida corresponde con el clima de tipo mediterraneo del oeste de Norteamérica. Los altos 
niveles de diversidad y endemismo de la PFC se les atribuyen al entorno geo-climatico Unico de esta 
region. En los ultimos afios han habido grandes avances en el conocimiento sobre los origenes de la 
diversidad de plantas en el oeste de Norteamérica. Este conocimiento, sin embargo, se ha visto 
limitado por un enfoque en las regiones politicas mas que en las bidticas, y por lo tanto se sabe mucho 
mas acerca de la diversidad y endemismo en el estado de California que en la regiOn bidtica natural, 
representada por la PFC. Aqui presentamos una lista preliminar de plantas terrestres nativas (plantas 
vasculares y bridfitas) presentes en la PFC, asi como un analisis de los patrones de diversidad y 
endemismo a nivel de especies y de los rangos minimos de los taxones (RMT, especies y taxones 
infraespecificos). Un total de 6,927 RMT son nativos de la PFC, incluyendo 6,143 plantas vasculares y 
784 bridfitas. De ellas, 2,612 plantas vasculares son endémicas de la PFC (42%) comparadas con 37 
bridfitas endémicas (5%). Finalmente, 2,506 plantas nativas PFC vasculares RMT (41% de la flora 
de la PFC) y 454 PFC bridfitas RMT (58% de la flora de la PFC) se encuentran fuera del estado de 
California en las zonas de la PFC en el estado de Oregon y en Baja California. Este alto grado de 
intercambio a través de las fronteras politicas entre plantas vasculares y bridfitas destaca la cohesi6n 
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de la PFC, y la necesidad de centrar los esfuerzos de investigacion en las regiones bi0ticas. 


Key Words: Baja California, biotic region, Mexico, Nevada, Oregon, richness, species. 


The California Floristic Province (CFP; Fig. 1) 
encompasses an area of exceptionally high 
plant diversity and endemism, corresponding to 
the part of western North America that has 
a Mediterranean-type climate — including most 
of California, as well as parts of southern Oregon, 
western Nevada, and northern Baja California, 
Mexico (Howell 1955; Raven and Axelrod 1978; 
Fig. 1). We adopt a phytogeographic approach to 
defining the CFP. Our approach is in line with 
past hierarchical schemes of phytogeographic clas- 
sification (Engler 1879; Good 1974; Takhtajan 
1986). In these schemes, provinces are at the lowest 
level, and are recognized by their distinctive plant 
life. However, our definition of the CFP, like most 
modern ones (Howell 1955; Raven and Axelrod 
1978), also encompasses climate in defining the 
province. Although this concept could be construed 
as circular, since plant geographic distributions 
are often used as evidence to define the borders of 
floristic provinces, we believe that floristic provinces 
are valuable ecological hypotheses that deserve 
scientific attention and testing. 

The origin of high diversity and endemism in 
the CFP has long fascinated North American 
botanists, leading to an extensive and varied 
literature (Howell 1955, 1957; Stebbins and Major 
1965; Raven and Axelrod 1978; Kruckeberg 1986; 
Viers et al. 2006; Ackerly 2009; Thorne et al. 2009; 
Kraft et al. 2010; Lancaster and Kay 2013). 
Overall, research has focused on the problem of 
how the environmental history of the CFP region 
has contributed to high diversity and endemism, 
particularly the influence of climate, alone or in 


combination with other abiotic factors such as 
soils and topography (Stebbins and Major 1965; 
Raven and Axelrod 1978; Kruckeberg 1986; 
Harrison and Inouye 2002; Harrison and Grace 
2007; Kraft et al. 2010; Anacker et al. 2011; 
Anacker and Harrison 2012a, 2012b). 

Despite recent gains in our understanding of 
CFP diversity and endemism, many critical ques- 
tions remain (Ackerly 2009). Unfortunately, this 
research has been hindered by a lack of accurate 
information on the species that are present in the 
CFP, because floristic research has focused on 
political units, particularly the state of California 
(Baldwin et al. 2012), rather than biotic regions. 
To aid research on plant diversity and endemism 
in the CFP, we have compiled a preliminary list of 
land plants (Embryophyta) native to the region, 
along with information on their putative status as 
CFP endemics. We also analyze diversity and 
endemism in the CFP, providing the first such 
summary since the seminal work of Raven and 
Axelrod (1978). 

While our work represents the first attempt at 
a comprehensive list of the native and endemic 
plants of the CFP, it is by no means a final or 
perfect list, and should not be treated as a formal 
checklist for the CFP. As described in the 
Discussion, obtaining the best technically feasible 
list of the native flora of the CFP would require 
a comprehensive floristic assessment of the CFP 
on the scale of the Jepson eFlora (Jepson Flora 
Project 2015), with contributions from taxonomic 
experts able to assess the circumscriptions of 
taxa that may have populations in two or more 
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Fic. 1. Approximate border of the CFP and the 
component Regions used in analyses. See materials and 
methods, or Appendix 1, for regional abbreviations. GIS 
layers defining this region are deposited at the Dryad Digital 
Repository: http://dx.doi.org/10.5061/dryad.d4g4n. 


political units of the CFP. Our list is a starting 
point, with the expectation that future work will 
fefine the, accuracy, of the’ list;> and, motivate 
research on the CFP and the biological entities 
that define it. A preliminary version of this list, 
based on the work of Burge, was published by 
Harrison (2013). The present work refines and 
improves upon the original list through the use of 
additional herbarium data and consultation with 
experts. The present list also includes bryophytes, 
which were not dealt with previously (Harrison 
2013). 
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MATERIALS AND METHODS 


There has never before been an attempt at 
a comprehensive list of native and endemic land 
plants from the CFP that includes the small but 
botanically significant portions of this region that 
lie in southern Oregon, northern Baja California, 
and Nevada (Fig. 1). Although our analysis relies 
heavily on the Jepson eFlora (Jepson Flora 
Project 2015) and the California Moss eFlora 
(2014) for the state of California, we also drew on 
a variety of resources, including herbarium 
material, for Oregon, Nevada, and Mexico. 
Overall, treatment of data for the vascular plants 
differed slightly from the treatment of data for 
the bryophytes, and so we present the materials 
and methods for each group separately. 


Vascular Plants 


All of our analyses were spatially explicit, using 
a modern, a priori definition of the CFP (Fig. 1) to 
assess native and endemic status. For the CFP 
border in California, we relied on the definition 
provided by the Jepson Manual, Second Edition 
(Baldwin et al. 2012). For the border in Baja 
California, we used a recent map by Riemann 
(2001). To define the CFP border in Oregon, we 
used the U.S.D.A. Forest Service Ecoregions of 
the United States map (Bailey 1995), which 
contains a definition of the CFP in this area (the 
Mediterranean Ecosystem Division). For Nevada, 
we used the definition of the CFP from the second 
edition of the Jepson Manual (Baldwin et al. 2012, 
p. 37). In this definition, the eastern border of the 
CFP corresponds to the path followed by U.S. 
Route 395 and Nevada State Route 88. The 
resulting definition has many similarities with the 
original CFP concepts of Jepson (1925) and 
Howell (1957), but contrasts with those of 
Cronquist (1982) and Takhtajan (1986), who 
considered the northern parts of the region to be 
part of the Vancouverian Province, a bioregion 
with strongly temperate affinities. Our definition 
of the CFP in Oregon also contrasts with the 
definition of Thorson et al. (2003), who include 
a portion of the Umpqua Valley in their definition 
of the CFP. Although our definition of the CFP 
(Fig. 1) differs from past ones, it is in line with the 
current understanding of floristic regions in 
western North America. GIS layers defining this 
region were deposited at the Dryad Digital 
Repository: http://dx.doi.org/10.5061/dryad. 
d4g4n. 

To deal with incongruities in data availability 
among the California, Oregon, Nevada, and Baja 
California portions of the CFP, separate pre- 
liminary lists of taxa for each region were created. 
For the CFP region of California, a preliminary 
list of minimum rank taxa (species, subspecies, and 
varieties; hereafter referred to as MRT; abbreviation 
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also used for minimum rank taxon) was generated 
using the Jepson eFlora (2015; first accessed 
10 October 2012; subsequently updated accord- 
ing to Revisions | and 2 for the Jepson eFlora). 
The Jepson eFlora provides lists of vascular 
plants present in each of the 50 geographic 
units of California defined by the second 
edition of the Jepson Manual (Baldwin et al. 
2012). We focused our research on the six Regions 
comprising the CFP in the state (Fig. 1): the 
Northwestern California Region (NW), the Cas- 
cade Ranges Region (CaR), the Sierra Nevada 
Region (SN), the Great Valley Region (GV), the 
Central Western California Region (CW), and the 
Southwestern California Region (SW). Our anal- 
yses dealt only with the native species for the 
California portion of the CFP based on the 
“nativity” classification of the eFlora. However, 
there are three taxa that the Jepson Manual 
(Baldwin et al. 2012) treats ambiguously as 
“native or naturalized”, Trichocoronis wrightii 
(Torr. and A. Gray) A. Gray var. wrightii, Typha 
angustifolia L., and Xanthium spinosum L. At 
present, it is not known whether these are native or 
naturalized in California. In the interest of 
obtaining a conservative list of taxa native to the 
California part of the CFP, we excluded them 
from our work. However, we also note that there 
are other taxa currently classified as native by the 
Jepson Flora Project that may or may not be 
native (Baldwin et al. 2012); instead of attempting 
to consider the veracity of their nativity ourselves, 
we accept the current “nativity” classification of 
the Jepson Manual. For species not found in 
California, we used the nativity definitions pro- 
vided by the Oregon Flora Project (2015) for the 
Oregon CFP, and O’Brien and Rebman (in press) 
for the Baja CFP. 

In addition to excluding non-native taxa, we 
excluded sterile “hybrid genera” (* Myrtgerocac- 
tus lindsayi Moran and X Pachgerocereus orcuttii 
[K. Brandegee] G.D. Rowley), as well as sterile 
“hybrids species” (e.g., Elymus X gouldii J.P. Sm. 
& Columbus and Equisetum Xferrissii Clute). 
Because they are sterile, with no capacity for 
spontaneous sexual reproduction, these hybrid 
plants are evolutionary dead-ends and thus not 
comparable to fertile plant lineages. 

To encompass plant distributions in the small 
but botanically significant portion of the CFP that 
extends into the state of Oregon (hereafter referred 
to as the Oregon CFP), we used herbarium 
specimens from the Oregon Flora Project (2015). 
Using coordinates obtained or inferred from these 
high quality specimens, a GIS approach was 
employed to determine the presence of MRT in 
the Oregon portion of the CFP, resulting in 
a preliminary list for the region. Because some 
specimen coordinate data is imprecise in compar- 
ison to the CFP boundary that we used, both false 
positives and false negatives are expected to occur 
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in this type of analysis. See below for more on the 
methods of post hoc data treatments that were 
used to overcome this limitation. All GIS work 
was done in ArcGIS v 9.3 (ESRI, Inc., Redlands, 
CA, USA). 

To account for plants found in the portion of 
the CFP that extends into Baja California, 
Mexico (hereafter referred to as the Baja CFP), 
we used a recent list of native and endemic taxa 
compiled by O’Brien et al. (in press) and O’Brien 
and Rebman (in press). This list began with 
unpublished lists compiled by B. O’Brien and T. 
Oberbauer and the published list by Riemann 
and Ezcurra (2005). This list was then reconciled 
with a draft checklist of the entire Baja California 
flora, which was assembled by J. Rebman 
(unpublished data). Using these lists, each taxon 
was evaluated separately in reference to verified 
herbarium specimens with reliable locality in- 
formation, and consultation with taxonomic 
experts for taxonomically recalcitrant or obscure 
groups of plants (see acknowledgements). | 

For the Nevada portion of the California 
Floristic Province (Fig. 1; the western slope of 
the Carson Range and the eastern Tahoe Basin, as 
far east as U.S. Route 395 and Nevada State 
Route 88) we used a hybrid approach based on 
known affinities of the region with adjacent 
portions of California. This area is very small in 
terms of land area, and shares its flora with 
adjacent portions of California (Graf 1999, Smith 
1973, Smith 1984); taxa found in this region are 
likely to be present in the California portion of the 
Sierra Nevada, or California’s Great Basin prov- 
ince (Baldwin et al. 2012; Fig. 1), and are therefore 
automatically included in our tabulation of CFP 
diversity and endemism. To confirm this idea, we 
examined the work of Smith (1973, 1984) to 
identify potential endemics of this region, or plants 
that extend into the CFP only in this area. 
Furthermore, we used the Intermountain Re- 
gional Herbarium Network (IRHN; 2014) to 
obtain data for herbarium specimens collected in 
the Nevada portion of the CFP. Data from the 
IRHN amounted to 881 specimens, representing 
357 native MRT. Following reconciliation of the 
list with names used in California, we were able 
to confirm that this list does not contain any 
new MRT for the portion of the CFP found in 
Nevada. Furthermore, no additional taxa were 
identified from Smith (1973, 1984). Nonetheless, it 
is important to note that some CFP endemic MRT 
have small parts of their geographic distribution 
in Nevada (e.g., Boechera repanda [S. Watson] 
Al-Shehbaz). Distributions of these MRT were 
examined individually. 

Preliminary lists of MRT for the California, 
Oregon, and Baja California portions of the 
California Floristic Province were reconciled as 
closely as possible using an automated lookup 
function in R (R Project 2015), which attempted to 


2016] 


match each California MRT with MRT from the 
Oregon and Baja California lists. Using this 
reconciled list as a starting point, we then in- 
dividually examined each MRT. Plant endemic 
status for each of the regions of analysis (Cali- 
fornia, Oregon, and Baja California portions of 
the CFP), as well as in the CFP as a whole, was 
evaluated using several sources of data. For MRT 
found in California, we used individual Jepson 
eFlora treatments, most of which contain in- 
formation on the geographic distribution of MRT 
outside of California. When information in the 
eFlora was insufficient, we consulted the Consor- 
tium of California Herbaria (2015), the Southwest 
Environmental Information Network (2015), the 
Oregon Flora Project (2015), the Consortium of 
Pacific Northwest Herbaria (2015), and treat- 
ments from the Flora of North America (Flora of 
North America Editorial Committee 2015). When 
considering the Consortium of California Her- 
baria, we generally ignored “yellow flag” records, 
specimens that are geo-referenced outside the 
Jepson geographic units listed in the treatment of 
the taxon. For some especially difficult problems, 
such as taxa with a high amount of taxonomic 
flux (changes in circumscription from the first 
to the second edition of the Jepson Manual), 
we consulted with experts on particular taxa 
(see acknowledgements). 

For all plants with at least part of their 
geographic range in the state of California, we 
defer to the circumscription, nomenclature, and 
authorities used in the Jepson Manual (Baldwin et 
al. 2012). Although most consequences of this 
method are intuitive, one result that deserves some 
clarification is the case of infraspecific rankings 
that conflict between the Jepson eFlora and the 
lists used for Baja California and Oregon. In some 
cases, infraspecific ranks are used for a given taxon 
in One source, but not the other. When infraspe- 
cific ranks for a given species are not used in 
California, we apply the same to the entire 
geographic distribution of the species, even if 
a given infraspecific taxon is not found in 
California. For example, we do not recognize 
Rhus integrifolia (Nutt.) Rothr. var. cedrosensis 
F.A.Barkley, endemic to Cedros Island in Baja 
California, because varieties of Rhus integrifolia 
are not recognized in the Jepson eFlora. 

Our list makes use of several sources for 
authorities. For MRT found at least partly in 
the California portion of the CFP, we used the 
authorities provided by the Index to California 
Plant Names (ICPN; Rosatti 2015). In cases 
where the authority for a given taxon was present 
among the list of authors in the ICPN, we used 
the name from the ICPN, even if the plant was 
not found in California. We did this to avoid the 
unpalatable situation of using two different 
names for the same author in a single list. For 
vascular plant MRT that were described by 
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authors who never worked in California, and 
are thus not represented in the ICPN, we used 
multiple sources for authorities. For MRT not 
found in California, but found at least partly in 
Oregon, we used “accepted” OFP names, which 
use authorities from Brummitt and Powell (1992). 
For MRT not found in California, but found at 
least partly in Baja California, we used author- 
ities from the checklists prepared by O’Brien et al. 
(in press), O’Brien and Rebman (in press), and 
J. Rebman (unpublished data). 

For vascular plants, no additional changes to 
our list were made after December 8, 2015. The 
complete list of vascular plant MRT, containing 
names as well as data on presence and endemic 
status for each MRT within each of the analysis 
regions—including the six major CFP regions of 
California defined by the Jepson eFlora (Jepson 
Flora Project 2015) and the portions of the CFP 
found in Oregon and Baja California—was 
deposited at the Dryad Digital Repository: 
http://dx.doi.org/10.5061/dryad.d4g4n. 


Bryophytes 


The California Moss eFlora (2014) was used to 
obtain a list of mosses for the state of California. 
The California Moss eFlora (2014) summarizes 
the work of Norris and Shevock (2004a, 2004b) 
and Malcolm et al. (2009), with periodic updates 
by the editors dealing with newly described taxa, 
relevant new records for the state, and taxonomic 
changes. To encompass the whole of the 
bryoflora, the list of mosses from the California 
Moss eFlora (2014) was supplemented with 
information from the literature on liverworts 
and hornworts of western North America 
(this work completed by J. Shevock). Lists of 
California liverworts and hornworts were pro- 
vided by Doyle and Stotler (2006), supplemented 
with new information from herbarium records. 
Geographic distributions of California bryophyte 
species’ were’ interpreted “by J. “Shevock -to 
determine native and endemic status in the CFP 
portion of the state. This list was supplemented 
by examination of herbarium specimens, perusal 
of published bryofloras and checklists, and 
consultation with bryologists engaged in inven- 
tory efforts in the CFP. 

It should be noted that the bryoflora of 
California is still in the basic inventory phase, 
and there are vast areas of the state that lack 
herbarium representation. New bryophytes for the 
CFP and adjacent regions are being discovered 
each year, including taxa new to science, and only 
a few sub-regions of California have published 
bryophyte checklists (e.g., Toren 1977; Shevock 
and Toren 2001; Kellman 2003). These differ- 
ences mean that knowledge of the CFP bryoflora 
is less detailed and refined compared to the 
vascular flora, with implications for our results. 
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The issue of native versus naturalized is more 
speculative in bryophytes compared to vascular 
plants. This stems from the well-known tendency 
for bryophytes to have disjunct geographic 
distributions, with occurrences frequently sepa- 
rated by hundreds or even thousands of kilometers 
(Sharp et al. 1993; Flora of North America 
Editorial Committee 2007, 2014). Most disjunct 
bryophyte populations are viewed as relictual, the 
plants having been gradually confined to isolated 
microhabitats due to long-term geoclimatic 
change. Although some apparent disjunctions 
may represent human introductions, bryophyte 
introductions are few and isolated, especially in 
comparison to vascular plants (Essl et al. 2014). 
Some of the best-known disjunct bryophytes 
found in California are shared with other regions 
of the world with a Mediterranean-type climate, 
especially the bryoflora of Spain and Portugal 
(Shaw et al. 2003). While it may be impossible to 
determine whether these are naturalized introduc- 
tions or were present in California before the 
arrival of Europeans, some taxa, such as lawn 
weeds, can be assumed to be introduced. However, 
there are a limited number of herbarium records 
for bryophytes collected in the CFP prior to the 
1970s, and many areas of the CFP remain poorly 
known bryologically, preventing inference of 
native versus introduced status on the basis of 
herbarium records alone. In general, however, it is 
thought that only a small portion of the California 
and CFP bryoflora consists of introduced species. 
Considering that so few bryophytes can be 
conclusively classified as European introductions 
to the CFP, we were able to apply only limited 
measures to exclude potential non-native taxa 
from our lists. Here, we only exclude those species 
that are well known introductions (Shevock and 
Toren 2001). 

The complete list of bryophyte taxa was 
reconciled with recent changes in classification 
and nomenclature. As in the vascular plants, we 
sought to obtain an accurate name for each 
validly published taxon concept. These were 
obtained from Tropicos (2014) and the two 
volumes of Flora of North America containing 
bryophytes (Flora of North America Editorial 
Committee 2007, 2014). Authorities follow 
Brummitt and Powell (1992). 

No additional changes to our bryophyte list 
were made after August 31, 2015. The complete list 
of bryophytes, containing names, as well as data 
on presence and endemic status for each taxon 
within the same CFP regions used for the vascular 
plants, was deposited at the Dryad Digital Re- 
pository: http://dx.doi.org/10.5061/dryad.d4g4n. 


UPGMA Trees for Region Relationships 


To visualize relationships among geographic 
regions of our analysis (Fig. 1; Table 2), we used 
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presence-absence data to construct UPGMA 
trees summarizing similarity of regional floras. 
We used the eight regions for which our summary 
statistics were calculated (Tables 1 and 2). Trees 
were constructed in R v.3.2 (R Development 
Core Team 2015), using the vegan package 
(Oksanen et al. 2015). All analyses were done at 
the species level, as preliminary results were 
substantially similar for species- versus MRT- 
based distance matrices. A Jaccard similarity 
matrix was constructed at each of four levels of 
analysis, 1) all native vascular plants, 2) all native 
bryophytes, and 3) CFP endemic vascular plants, 
and 4) CFP endemic bryophytes. The similarity 
matrices were then used to construct UPGMA 
trees visualizing relationships. 


RESULTS 


To assist researchers with different interests, we 
present our results at three different levels: 1) 
vascular plants only, 2) bryophytes only, and 3) 
the whole land plant flora (vascular plants and 
bryophytes). To facilitate comparison among 
different studies, we calculated summary statistics 
at both the species- and MRT-level. Although we 
believe that the MRT-level list is the most 
biologically meaningful, the species-level list and 
statistics will allow for easy comparison to studies 
that are conducted at the species level. Raw data 
were deposited at the Dryad Digital Repository: 
http://dx.doi.org/10.5061/dryad.d4g4n. 


Vascular Plants 


Species-level richness and endemism. A total of 
1,846 vascular plant species were classified as 
CFP endemics out of 5,006 total species native 
to the region, yielding an estimate of 36.9% 
endemism (Table 1). The Oregon and Baja CFP 
add 13 and 136 CFP endemic species, respectively, 
not found in the California part of the CFP 
(Table 1; Appendix 1). | 

At a regional scale, species richness is greatest 
in the SN (2,604 species), followed closely by the 
NW and SW (Table 1; Fig. 2). Richness is lowest 
in the GV (1,064 species). The CW supports the 
largest number of CFP endemics (740 species), 
although the SW, NW, and SN all support more 
than 650 CFP endemic species. The lowest 
number of CFP endemic species is found in the 
Oregon CFP (179). A large proportion of CFP 
endemic species are restricted to just one of the 
eight regions of our analysis (848 species; 45.9%; 
Table 1). The SN supports the largest number of 
single region endemics (209 species), though 
comparable levels are seen in the SW, CW, and 
NW. The smallest number of single region 
endemics is in the CaR (8 species). 

Adjusting for area, the greatest species richness 
is in the Oregon CFP (112.1 species/1,000 km’); 
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TABLE 2. Regional similarity matrices for the CFP at the species level. First value is the number of native species 
that are shared between the two regions; this is followed (in parentheses) by the percentage that is shared, which is 
the number of shared species divided by the total number of species found in the two regions. Names for Regions of 
the California CFP are abbreviated; see Materials and Methods or Appendix 1. 


Region Oregon CFP NW CaR SN GV CW SW 

Vascular plants 

NW 1393 (65%) 

CaR 968 (44%) 1343 (49%) 

SN 1044 (34%) 1568 (45%) 1430 (51%) 

GV 409 (19%) 722 (26%) 557 (26%) 816 (29%) | 

CW 782 (29%) 1313 (42%) 789 (28%) 1184 (35%) 856 (39%) 

SW 663 (22%) 1064 (30%) 808 (26%) 1301 (37%) 761 (30%) 1290 (44%) 

Baja CFP 346(13%) 573 (17%) 417 (15%) 660 (19%) 495 (23%) 754 (27%) 1159 (44%) 
Bryophytes 

NW 370 (62%) 

CaR 270 (31%)... 316 (53%) 

SN 3105190)... 3TT(ST9) 307 (5570) 

GV 34 (8%) 37 (7%) 29 (7%) 43 (8%) : 

CW 242 (43%) 285 (44%) 198 (36%) 250 (40%) 47 (12%) 

SW 146 (29%) 164 (27%) 134 (28%) 177 (32%) 35 (14%) 175 (40%) 

Baja CFP 70 (15%) S221SB)ie (64 (16%) BS 17 Ze) WOES): 182 (20%) © 82(33%) 
Land Plants 

NW 1765 (56%) 

CaR 1238 (46%) 1659 (50%) 

SN 1354 (37%) 1945 (47%) 1737 (51%) 

GV 443 (17%) 759 (23%) 586 (23%) 859 (26%) 

CW 1024 (31%) 1598 (43%) 987 (29%) 1434 (36%) 903 (35%) 

SW 809 (23%) 1228 (29%) 942 (27%) 1478 (36%) 796 (29%) 1465 (44%) 

Baja CFP 416(13%) 655 (16%) 481 (15%) 745 (18%) 514 (22%) 836 (26%) 1241 (43%) 


lowest richness per unit area is found in the GV 
(18.4 species/1,000 km’; Table 1; Fig. 2). The 
number of CFP endemics per unit area is highest 
in the CW (20.0 species/1,000 km’), though the 
level is nearly the same as in the SW; the lowest 
level is in the GV (4.8 species/1,000 km’; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the Baja CFP (5.2 species/ 
1,000 km/?); the lowest levels are in the CaR and 
GV (0.42 and 0.45 species/1,000 km’, respectively; 
Table 1; Fig. 2). 

Although a large number of CFP native plants 
are found in just one of the eight regions of 
analysis, the remainder are shared among at least 
two regions, allowing for comparison of the 
strength of connections among regions (Table 2). 
The strongest connection is between the NW and 
the: Oregon “CFP (15393. species ‘shared; "55 %); 
the weakest connection is between the Oregon 
CFP and the Baja CFP (346 species shared; 13%; 
Table 2). UPGMA trees for the eight regions of 
our analysis corroborate these findings, revealing 
the strength of connections among regions in 
terms of native vascular plant species diversity 
(Fig. 3A) and CFP endemic diversity (Fig. 3B). 
For all native species diversity, two major groups 
are identified, one composed of more northern 
regions (Oregon CFP, NW, CaR, and SN) and 
the other of more southern regions (CW, GV, 
SW, and Baja CFP). Within the northern group, 
the Oregon CFP and the NW have a close 
connection, as do the CaR and the SN. In the 


southern region, the Baja CFP and the SW are 
closely connected, as are the CW and the GV. 
In terms of CFP endemic diversity (Fig. 3B), 
patterns of sharing differ from the patterns seen at 
the level of all native species, with two major 
groups being formed, the first one composed of 
just the SW and the Baja CFP, and the second 
one composed of all other regions. Within the 
larger group, strongest relationships are between 
the NW and the CW, and between the SN and 
the CaR. 


MRT-level richness and endemism. A total of 
2,612 vascular plant MRT were classified as CFP 
endemics out of 6,143 natives, yielding an estimate 
of 42.5% endemism (Table 1). The Oregon and 
Baja CFP add 17 and 164 CFP endemic MRT, 
respectively, not found in the California part of 
the CFP (Table 1; Appendix 1). 

As with species, MRT richness is greatest in the 
SN (2,955 MRT)—followed closely by the NW, 
SW, and CW (Table 1; fig, 2)—-and lowest in the 
GV (1,139 MRT). The CW supports the largest 
number of CFP endemics (1,022 MRT), although 
the SW, NW, and SN all support more than 850. 
The lowest number of CFP endemic MRT is found 
in the Oregon CFP (228). A large proportion of 
CFP endemic MRT are restricted to just one of the 
eight regions of our analysis (1,280 MRT; 42.5%; 
Table 1). The SN supports the largest number of 
single region endemic MRT (299), though three 
other regions (NW, CW, and SW) each support 
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Fic. 2. Visual summary of land plant species richness and endemism in eight regions of the CFP. A, number of 
native vascular plant species; B, number of CFP-endemic vascular plant species; C, number of regionally-endemic 
vascular plant species; D, number of native vascular plant species per 1,000 km’; E, number of CFP-endemic 
vascular plant species per 1,000 km?; F, number of regionally-endemic vascular plant species per 1,000 km’. See 
materials and methods, or Appendix 1, for regional abbreviations. 
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UPGMA trees for area relationships based on species sharing. Branch lengths are Jaccard distance, 


proportional to the amount of sharing. A, native vascular plants; B, CFP-endemic vascular plants; C, native 
bryophytes; D, endemic bryophytes. See materials and methods, or appendices, for regional abbreviations. 


more than 200 endemic MRT. The lowest level of 
single region MRT endemism is found in the 
CaR (13 MRT). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (120.9 MRT/1,000 km”); 
lowest richness per unit area is found in the GV 
(19.7 MRT/1,000 km’; Table 1; Fig. 2). The 
number of CFP endemics per unit area is highest 
in the CW (27.7 MRTY/1,000 km/’), though the 
level is nearly the same as in the SW; the lowest 
level is in the GV (6.1 MRT/1,000 km’; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the SW (7.7 MRT/7/1,000 
km); the lowest levels are in the GV and CaR 
(0.66 and 0.68 MRT/1,000 km/’, respectively; 
Table 1; Fig. 2). 


Bryophytes 


Species-level richness and endemism. Using our 
complete list, 37 bryophyte species were classified 
as CFP endemics out of 778 total natives, yielding 
an estimate of 4.8% endemism (Table 1). The 
Oregon CFP contributes one CFP endemic 
species not found in the California CFP (Scou- 
leria siskiyouensis Shevock & D.H. Norris; 
Table 1; Appendix 2); the Baja CFP does not 


support any CFP endemics that are not also 
found in the California CFP (Table 1). 
Bryophyte species richness is greatest in the 
NW (544 species)—followed closely by the SN, 
Oregon CFP, and the CW (Table 1)—and lowest 
in the GV (60 species). The CW supports the 
largest number of CFP endemics (25 species), 
although the NW, SN, and SW all support more 
than 10. The lowest number of CFP endemic 
species is found in the GV, the Oregon CFP, and 
the Baja CFP, each of which support just four 
CFP endemic species. As with the vascular plants, 
a large proportion of CFP endemic bryophyte 
species are restricted to just one of the eight 
regions of our analysis (16 MRT; Table 1). The 
CW supports the largest number of one-region 
endemic species (8), the next closest regions (CaR 
and SW) having just two each. As mentioned 
above, the lowest level of single region species 
endemism is found in the Baja CFP, which does 
not support any endemic species of bryophyte. 
Adjusting for area, the greatest species richness 
is in the Oregon CFP (31.5 species/1,000 km/’); 
lowest richness per unit area is found in the GV 
(Owe species! 1H000inkimie Tabledeok ig. 2)..-The 
number of CFP endemics per unit area is highest 
in the CW (0.7 species/1,000 km/7’); the lowest 
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level is in the GV (0.1 species/1,000 km?’; Table 1; 
Fig. 2). The number of one-region endemics 
per unit area is highest in the CW (0.2 species/ 
1,000 km’); the lowest level is in the Baja CFP, 
which does not support any endemic bryophyte 
species (Table l>Fig2): 

Although most CFP native bryophyte species 
are found in just one of the eight regions of our 
analysis (Table 1), the remainder are shared 
among at least two regions, allowing for com- 
parison of the strength of connections among 
regions (Table 2). The strongest connection 1s 
between the NW and the Oregon CFP (370 
species shared; 62%). The weakest connection 1s 
between the GV and CaR, which share just 29 
species (7%). UPGMA trees for the eight regions 
of our analysis (Fig. 3) corroborate these find- 
ings, revealing the strength of connections among 
regions in terms of native bryophyte species 
diversity (Fig. 3C) and CFP endemic diversity 
(Fig. 3D). For all native species diversity, two 
major groups are identified, one composed of 
more northern regions (Oregon CFP, NW, CaR, 
SN, and CW) and the other of more southern 
regions (SW and Baja CFP). Within the northern 
group, the Oregon CFP and the NW have a close 
connection, as do the CaR and the SN. In terms 
of CFP endemic diversity (Fig. 3D), patterns of 
sharing differ from the patterns seen at the level 
of all native species, with two major groups 
identified, one composed of more northern 
regions (Oregon CFP, NW, CaR, and SN) and 
the other of more southern regions (CW, GV, 
SW, and Baja CFP). Within the northern group, 
the strongest relationship is between the NW and 
the SN; in the southern region, the strongest 
connection is between the CW and SW. 


MRT-level richness and endemism. Using our 
complete list, 37 bryophyte MRT were classified 
as CFP endemics out of 784 total CFP natives, 
yielding an estimate of 4.7% endemism (Table 1). 
The Oregon CFP contributes one CFP endemic 
MRT not found in the California CFP (Scouleria 
siskiyouensis; Table 1; Appendix 2); the Baja 
CFP does not support any CFP endemics that 
are. not also; found» in» the -Cahfornia »CFP 
(Table 1). 

Bryophyte MRT richness is greatest in the NW 
(548 MRT)—followed closely by the SN, the 
Oregon CFP, and the CW (Table 1)—and lowest 
in the GV (60 MRT). The CW supports the 
largest number of CFP endemics (25 MRT), 
although the NW, SN, and SW all support more 
than ten. Statistics for single region MRT 
endemism in bryophytes are identical to those 
at the species level (see above; Table 1). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (31.7 MRT7/1,000 km‘); 
lowest richness per unit area is found in the GV 
fie) “MRT ,000km* “Table I: Fie.2)r The 
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number of CFP endemics per unit area is highest 
in the CW (0.7 MRT/1,000 km7”); the lowest level 
is in the GV (0.1 MRT/1,000 km’; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the CW (0.2 MRT/ 
1,000 km/?); the lowest level is in the Baja CFP, 
which does not support any endemic bryophyte 
MRT (Table 1; Fig. 2). 


Whole Flora 


Species-level richness and endemism. A total of 
1,883 land plant species were classified as CFP 
endemics out of 5,784 natives total, yielding an 
estimate of 32.6% endemism (Table 1). The 
Oregon and Baja CFP add 14 and 136 CFP 
endemic species, respectively, not found in the 
California CFP (Table 1; Appendix 1). 

At a regional scale, land plant species richness 
is greatest in the SN (3,099 species), followed 
closely by the NW and SW (Table 1; Fig. 2). 
Richness is lowest in the GV (1,124 species). The 
Cw supports’ the largest “number “or “CFP 
endemics (765 species), although the NW, SN, 
and SW all support more than 660 species. The 
lowest number of CFP endemic species is found 
in the Oregon CFP (183 species). As with the 
vascular plants alone, a large proportion of CFP 
endemic land plants are restricted to just one of 
the eight regions of our analysis (864 MRT; 
45.9%; Table 1). The SN supports the largest 
number of single region endemics (210 species); 
the smallest number is found in the CaR (10 
species). 

Adjusting for area, the greatest species richness 
is in the Oregon CFP (143.6 species/1,000 km/’); 
lowest richness per unit area is found in the GV 
(19°35 species/1,000° km*; “Tables Fig."2)- “The 
number of CFP endemics per unit area is highest 
in the CW (28.4 species/1,000 km’), though the 
level is nearly the same as in the SW (Table 1); 
the lowest’ level is" in‘ the GV (6.1 species 
1,000 km’; Table 1; Fig. 2). The number of one- 
region endemics per unit area is highest in the 
CW (7.9 species/1,000 km’); the lowest levels 
are in the GV and CaR (0.67 and 0.78 species/ 
1,000 km7?, respectively; Table 1; Fig. 2). 

Although a large proportion of CFP endemic 
land plant species are found in just one of the 
eight regions, the remainder are shared among at 
least two regions, allowing for comparison of the 
strength of connections among regions (Table 2; 
Fig. 3). The strongest connection is between the 
NW and the Oregon CFP (1,765 species shared; 
56%); the weakest connection is between the 
Oregon CFP and the Baja CFP (416 species 
shared: 13%: Fig. 3). 


MRT-level richness and endemism. A total of 
2,649 land plant MRT were classified as CFP 
endemics out of 6,927 natives, yielding an 
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estimate of 38.2% endemism (Table 1). The 
Oregon and Baja California parts of the CFP 
add 18 and 164 CFP endemic MRT, respectively, 
that are not found in the California part of the 
CFP (Table 1; Appendix 1). A complete elec- 
tronic version of our data for MRT is available at 
the Dryad Digital Repository: http://dx.doi.org/ 
10.5061/dryad.d4g4n. 

Land plant MRT richness is greatest in the SN 
(3,453 MRT)—followed closely by the NW, SW, 
and CW (Table 1; Fig, 2)—-and lowest in the GV 
(1,199 MRT). The CW supports the largest 
number of CFP endemics (1,047 MRT), although 
the SW, NW, and SN all support more than 
860; the smallest number of CFP endemics is 
found in the Oregon CFP (232 MRT). A large 
proportion of CFP endemic land plant MRT are 
restricted to just one of the eight regions of our 
analysis (1,296 MRT; 48.9%; Table 1). The SN 
supports the largest number of single region 
endemics (300 MRT); the smallest number of 
single region endemics is in the CaR (15 MRT). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (152.6 MRT/1,000 km/’); 
lowest richness per unit area is found in the GV 
(20.8. MRT/1,000. kin. able 1:_.Jrig, 2). che 
number of CFP endemics per unit area is highest 
in the CW (28.4 MRT/1,000 km’), though the 
level is nearly the same as in the SW; the lowest 
level is in the GV (6.1 MRT/1,000 km’; Table 1; 
Fig. 2). The number of one-region endemics 
per unit area is highest in the CW (7.9 MRT/ 
1,000 km7); the lowest levels are in the GV and 
CaR (0.67 and 0.78 MRT/1,000 km’, respectively; 
Table. Fig. 2). 


DISCUSSION 


Methodological Issues 


We believe that the approach we used to 
compile our list of MRT and determine endemic 
status in the CFP represents a good solution to 
the problem under the circumstances. Without 
a complete floristic appraisal of the CFP, a project 
on a scale nearly equal to the Jepson eFlora 
(Jepson Flora Project 2015), it will be difficult to 
link the several regions of this biotic province, 
especially in terms of taxon concept, which we 
define as including both the correct name for 
MRT (the type specimen and the correctly 
spelled, validly published name that it carries), 
and a group of plant populations or individuals 
that the name encompasses. This problem is 
linked to differences in taxonomic hypotheses 
among authors of flora treatments, descriptions, 
and revisions. Ultimately, these different hypoth- 
eses are due to the long-standing problem of 
objectively defining MRT (Clausen Keck and 
Hiesey 1939, Rieseberg and Brouillet 1994, De 
Queiroz 2007). In presenting our results, we are 
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eager to point out these biological, methodolog- 
ical, and philosophical issues, which apply to the 
work of every taxonomist, and eventually affect 
the work of other scientists from diverse dis- 
ciplines. Although our research is the first 
attempt at a list of the native and endemic plants 
of the CFP, it is not intended to be a final list, 
or to serve as a formal checklist for the CFP. 
Our list is simply a point of departure, meant 
to motivate research that will refine scientific 
understanding of the CFP and the plants that 
define it. 

A second potential point of contention is the 
restrictiveness of our work. In excluding all plants 
with even a single verified occurrence outside the 
CFP, our list of CFP endemics takes a restrictive 
approach that aims to identify only those taxa 
that are totally endemic to the CFP, and exclude 
any taxa with populations found outside the 
CFP. Unfortunately, this approach draws atten- 
tion away from the large number of taxa that are 
near-endemics, with just a few occurrences out- 
side the CFP. An alternative, less restrictive 
approach would be to apply thresholds of 
endemism based on occurrence data, thus allow- 
ing each native taxon to have a quantitative 
endemic status rather than a categorical one. In 
a study that roughly parallels ours, D. W. Taylor 
(Aptos, California, personal communication) 
compiled a list of CFP-associated taxa, and 
found that as much as 60% of the native vascular 
flora (MRT level) could be considered endemic to 
the region if up to 5% of the known herbarium 
records were allowed to fall outside of the CFP 
(D. W. Taylor, unpublished data). A related 
approach, which was implemented by O’Brien 
et al. (in press) and O’Brien and Rebman 
(in press) in their work on the Baja California 
flora, is to assign a categorical level of endemism to 
each taxon, depending on its fidelity to the CFP. 
This is still a restrictive approach, but one that 
results in a more nuanced picture of regional 
diversity. 

Approaches like these have great merit, and 
it is to be hoped that with the increasing amounts 
of curated herbarium data available online, and 
completion of more comprehensive flora projects 
like the Flora of North America, future studies 
will improve our perspective on CFP endemism. 
Less restrictive approaches are especially desir- 
able for conservation planning, for example. 

A third issue with our work relates to spatial 
grain. The work of Thorne et al. (2009) estimated 
geographic range size for 2,070 California- 
endemic MRT using herbarium and flora 
(Hickman et al. 1993) data. This approach 
determined that over 60% of California-endemic 
species have range sizes of less than 10,000 km’, 
consistent with highly localized endemism for 
most of California’s endemic taxa. This suggests 
that much stands to be gained in terms of our 
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understanding of endemism in the CFP region 
if researchers use a finer spatial grain than the 
one we used. It is to be hoped that future research 
will build upon the results presented here using 
more spatially explicit location data for native 
plants — ideally from the reservoir of herbarium 
data that has recently become available through 
online databases — to analyze patterns of 
diversity and endemism in the CFP at finer 
spatial scales. 

A final important methodological caveat is the 
problem of defining biotic regions. The region 
that we defined as the CFP (Fig. 1) offers an 
improvement over past delineations as it is 
a three-way hybrid among modern definitions 
created for each of the three major regions of 
analysis: California, Oregon, and Baja California. 
These definitions are built on improved geo- 
graphic, climatic, and biological data, leading to 
more objective definitions of the overall CFP 
region. On the other hand, a priori definitions of 
biotic regions are inherently subjective (Koch and 
Jetz 2010), and it is to be hoped that future 
research will pursue a naive approach to defining 
the CFP, based entirely on geographic data 
obtained from herbarium specimens or observa- 
tions. This approach would allow plant distribu- 
tions themselves to determine the regions that 
support unique assemblages of taxa. Such an 
approach would be especially valuable in dealing 
with the many taxa that extend just beyond the 
border of the CFP as we have defined it, for 
example to the north of the CFP in the Umpqua 
Valley of Oregon, or to the southeast in the 
Desert Mountains of California. An analysis of 
this kind would lead to improved understanding 
of plant diversity in western North America, 
without the need for distracting prior definitions. 


Patterns of Diversity and Endemism in the CFP 


Our work is the first assessment of CFP 
diversity and endemism since the monumental 
treatise of Raven and Axelrod (1978), and the 
first to present a list of vascular plant MRT 
native to the region. Subsequent to Raven and 
Axelrod (1978), nearly all analyses of plant 
diversity and endemism in the CFP region have 
focused on political units, particularly the state of 
California, rather than on biotic regions (Bar- 
bour and Major 1988; Riemann and Ezcurra 
2005, 2007; Loarie et al. 2008; Kraft et al. 2010; 
Rundel 2011, Anacker and Harrison 2012a, 
2012b; Joppa’ etal: 2013). The goal. of» our 
research was to bring the focus back onto the 
CFP, a globally significant region of plant 
diversity and endemism that should be studied 
as a unit, despite the large number of taxa that 
cross political boundaries as members of the 
flora. Our study is also the first to feature 
bryophytes of the CFP, comparing the diversity 


BURGE ET AL.: CALIFORNIA FLORISTIC PROVINCE 1) 


and endemism of these interesting and ecologically 
significant plants to that of the more avidly 
studied vascular plants. We are optimistic that 
our effort with bryophytes will raise the profile 
of these frequently ignored plants in studies of 
western North American plant diversity. 

Below, we discuss our findings in the context of 
the species-level results, as we consider this to 
be the most conservative level of our analysis, 
and the most straight forward to compare, as the 
taxa are all at the same rank. Overall, MRT-level 
analyses yield higher estimates of richness and 
endemism (Table 1), which is to be expected 
given the small geographic ranges of many 
infraspecific taxa (Thorne et al. 2009). However, 
we expect that future analyses of richness and 
endemism in the CFP will benefit from analyzing 
MRT that we have recovered as CFP natives, 
because infraspecific taxa provide a finer spatial 
grain, encompassing important variation across 
the sometimes large geographic ranges of the 
species that they comprise. 

Of the eight regions that we considered in our 
analysis (Figs. 1, 2), the most species rich is the 
Sierra Nevada (SN). This Region supports 3,099 
land plant species, 53.6% of the entire native flora 
of the CFP. However, comparable levels of 
richness are found in NW, CW, and SW, 
representing more than 40% the native flora in 
each case. These regions also support large 
numbers of CFP endemic species (Table 1), and 
are foci of regional endemism, with a combined 
536 single region endemics among them (Fig. 2; 
Table 1). These results are consistent with past 
studies, which emphasized the botanical signifi- 
cance of northwestern California, usually in 
combination with the Oregon CFP (Whittaker 
1960, 1961; Harrison and Grace 2007), as well as 
the central coast of California and the Sierra 
Nevada (Stebbins and Major 1965; Raven and 
Axelrod 1978; Richerson and Lum 1980; Rundel 
2011). Recent fine-scale analyses on the spatial 
distribution of plant diversity in California also 
support northwestern California, the Sierra 
Nevada and the Coast Ranges of California as 
major areas of native plant richness, while 
emphasizing the latter two regions as the most 
important areas of endemism (Thorne et al. 2009; 
Kraft et al. 2010). However, when considering the 
number of species per unit area, the Oregon CFP 
and the CaR have the highest richness per unit 
area (143.6 and 104.8 species/1,000 km’, re- 
spectively; Table 1; Fig. 2). In addition, the CW 
and SW emerge with the highest number of CFP 
endemic species per unit area (20.7 and 19.2 
species/1,000 km7?, respectively; Table 1; Fig. 2), 
and the Baja CFP emerges with the highest 
richness in terms of one-region endemics (5.2 
species/1,000 km’; Table 1; Fig. 2), narrowly 
beating out the CW (5.0 species/1,000 km’; 
Table 1; Fig. 2). These results suggest that the 
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Cascade Ranges of California and the Oregon 
CFP should be considered alongside NW and 
SW as regions of elevated richness. Our results 
also suggest that SN and NW are not among the 
brightest hotspots of endemism in the California 
Floristic Province, at least in terms of species per 
unit area. 

Our work also allows for preliminary compar- 
isons of general floristic connections among 
major regions of the CFP (Table 2). In particular, 
we have been able to show the great strength of 
the connection between the portions of the CFP 
found in California, Oregon, and Baja California. 
Though both the Oregon CFP and Baja CFP are 
home to significant suites of strictly endemic taxa 
(Appendix 1), these regions also share a very 
large portion of their flora with neighboring 
regions of California (Table 2); the Baja CFP 
shares 43% of its land plant flora with the SW, 
while the Oregon CFP shares 56% of its flora 
with the NW (Table 2). This relationship is also 
supported by UPGMA trees, in which the 
Oregon CFP groups closely with the NW, and 
the Baja CFP forms a tight association with the 
SW (Fig. 3A). 

As mentioned above, connections between 
northwestern California and southwestern Ore- 
gon have long been appreciated by western 
botanists (Whittaker 1960, 1961; Smith and 
Sawyer 1988; Harrison and Grace 2007), espe- 
cially across the mountainous, geologically di- 
verse, and floristically cohesive Klamath-Siskiyou 
region. Though infrequently studied together, 
there is nonetheless a strong and well appreciated 
connection between the southwestern California 
and northwestern Baja California portions of the 
CFP (Munz 1959; Raven and Axelrod 1978; 
Wiggins 1980; Baldwin et al. 2012). The strong 
connections among the California, Oregon, and 
Baja California portions of the CFP demonstrate 
the cohesiveness of the CFP flora, and highlight 
the importance of including Baja California and 
Oregon when considering the botanical diversity 
of the state of California. 


Bryophytes Versus Vascular Plants 


Patterns of diversity in the bryophyte flora of 
the CFP differ strongly from those seen in the 
vascular plants (Table 1). Though the bryophyte 
flora of the CFP is among the largest and most 
diverse in North America (784 MRT; Shevock 
2003), it contains far less endemic diversity than 
is seen in the vascular flora (Table 1). This 
difference is likely attributable to the spore-based 
dispersal mode of bryophytes, which allows 
species to move easily over large geographic 
distances, although with a low probability of 
establishment (Rydin 2009). Also, many bryo- 
phytes in the CFP are restricted to very narrow 
microhabitats and therefore occurrences can be 
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widely spaced across the landscape. Many 
bryophytes are known in California from only 
a handful of occurrences, often with exceedingly 
small populations. Because there are few natural 
barriers to prevent spore movement, most CFP 
taxa are shared with other portions of North 
America. For example, many species characteris- 
tic of higher elevations, especially those occurring 
in fens, can be found across the Northern 
Hemisphere in similar habitats (Flora of North 
America Editorial Committee 2007, 2014). Other 
bryophytes viewed as alpine taxa extend beyond 
the CFP into the extra-CFP Cascades, or even 
the high mountains of Nevada’s Basin and Range 
region. On the other hand, many bryophyte 
species that are widespread across North America 
(e.g., Hylocomium splendens [Hedw.] Bruch and 
Schimper) are either exceedingly rare in the CFP 
or absent altogether. Most vascular plants, by 
comparison, are unable to disperse as easily as 
bryophytes, being limited by the movement of 
seeds or vegetative propagules, which is frequent- 
ly limited by animal dispersal. Nevertheless, the 
dispersal mode of bryophytes is nearly identical 
to that found in ferns, a group with a notably 
higher rate of endemism in the CFP (9% of native 
fern species are endemic to the CFP) SoMa anes to 
bryophytes (5% endemic). 

Drought is one possible factor limiting levels of 
bryophyte endemism and diversity in the CFP; it 
is thought that many otherwise widespread 
western North American bryophytes are excluded 
from all or part of the CFP by the long summer 
drought that occurs in the region, which would 
tend to exclude the less desiccation-tolerant 
species. While such conditions appear to have 
facilitated the origin and persistence of many 
endemic vascular plants (Raven and Axelrod 
1978; Baldwin 2014), they may have the opposite 
effect in bryophytes, a group that is generally 
more dependent on consistent access to water, at 
least during part of their lifecycle. For bryo- 
phytes, a prolonged summer drought is a signif- 
icant barrier to establishment, and severely limits 
survival. While the spores of most species are 
probably able to germinate under relatively wet 
winter conditions, adult plants of many species 
are probably not able to withstand the prolonged 
hot and dry season of the CFP, where they must 
conduct their growth and reproduction before the 
arrival of summer, and must be able to withstand 
prolonged periods of desiccation. 

Edaphic adaptation may also help to explain 
the difference in levels of endemism in the CFP. 
Though a large portion of the California and 
CFP endemic vascular flora is made up of unique 
species adapted to unusual substrates such as 
serpentine (Safford et al. 2005), this kind of 
substrate-associated speciation does not appear 
to occur very often in bryophytes. For example, 
within the CFP there is only one bryophyte 
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TABLE 3. CFP vascular flora compared to the state of California. Vascular plant numbers for California are from 
summary statistics presented in the Jepson eFlora (2015). Note that the number of species for the CFP and 
California corresponds to the total number of species found in the respective areas, whether present as a single 


species, a single infraspecific taxon, or a number of infraspecific taxa. 


Area Species Endemic species 
CFP 5006 1846 (36.9%) 
California 32 Fi 2270 (34.8%) 


(Pseudoleskeella serpentinensis P. Wilson and 
Norris) that is strongly associated with serpentine 
(Shevock 2003). The lack of edaphic endemic 
bryophytes may be a result of the less intimate 
association between bryophytes and their sub- 
strate, as compared to vascular plants. 


Comparison to the State of California 


California is the most biotically diverse state in 
the U.S. (Stein 2002). However, California is 
a political unit that cuts across several major 
biotic regions, including three of North Amer- 
ica’s four .deserts,'\as well. .as the CFP. By 
analyzing diversity at the level of the state of 
California rather than relevant biotic regions 
found in the area, research into the causal factors 
of high regional diversity and endemism (Ackerly 
2009; Kraft et al. 2010; Anacker and Harrison 
2012a, 2012b; Anacker et al. 2011; Lancaster and 
Kay 2013) are excluding information that could 
contribute to more general conclusions. For 
example, our results show that 2,960 (46.3%) of 
the 6,391 native land plant MRT (vascular plants 
and bryophytes) found in the California CFP are 
shared with the Baja CFP, the Oregon CFP, or 
both. Such strong connections have obvious 
implications for research, especially when con- 
sidering that a large part of this shared diversity is 
made up of endemic taxa; 578 (23%) of the 2,467 
CFP endemic land plant MRT found in Califor- 
nia are also found outside the state in the Oregon 
CFP, the Baja CFP, or both. 

Our study is the first since Raven and Axelrod 
(1978) to present an analysis of diversity in the 
CFP in comparison to the state of California 
(Table 3). Our results show that while the flora of 
California has greater richness than the CFP at 
both the species and MRT level, the proportion 
of endemism is higher in the CFP (Table 3), 
highlighting the disproportionate contribution of 
CFP endemism to the high level of endemic 
diversity that the state of California is famous for 
(Baldwin et al. 2012; Baldwin 2014). 


Comparison to Other Compilations 


Raven and Axelrod’s (1978) paper on western 
North American flora was a milestone in the 
modern understanding of temperate biodiversity 
hotspots. Though their work concentrated on 


Minimum rank taxon 


Endemic minimum rank taxon 


2612 (42.5%) 
1502 (28.5%) 


6143 
6523 


the botanical hyperdiversity of the California 
Floristic Province in the context of North America, 
it drew comparisons to other biodiversity hotspots 
around the world, especially other regions of the 
world with a Mediterranean-type climate, all of 
which support unusual concentrations of botan- 
ical diversity. The work of Raven and Axelrod 
(1978) inspired generations of botanists to 
critically examine the problem of how biodiver- 
sity accumulates in small geographic areas, 
a research topic that remains fresh to this day 
(Harrison 2013; Baldwin 2014), and is likely to 
continue to expand as new systematic and 
ecological tools become available. Our work is 
an effort to update one small part of the work of 
Raven and Axelrod: their statistics on the levels 
of botanical diversity and endemism found in the 
California Floristic Province. 

Because Raven and Axelrod did not publish 
a list of species for the CFP, it is impossible to 
make a direct comparison between our work and 
theirs. However, their summary statistics show 
that our work recovered a similar number of 
species, but a significantly lower level of ende- 
mism for the CFP (Table 4). On the other hand, 
the levels of endemism for the state of California 
are similar between the studies (30.1 versus 
34.8%; Tables 3, 4), suggesting that the difference 
between estimates for the whole CFP are driven 
by the differences in the number of endemic 
species recovered in the Baja California CFP and 
the Oregon CFP; in both cases, we found a lower 
number of endemics in these regions than were 
found by Raven and Axelrod (1978; Table 4). 
Again, in the absence of a list from the work of 
Raven and Axelrod (1978), it is not possible to 
determine where the missing taxa are lurking. 
Overall, however, it is likely that many of these 
missing endemics were taxonomically subsumed 
into species found in California, particularly 
among the large number of CFP endemic species 
found in the region of the CFP that spans the 
border between California and Baja California, 
Mexico, or the border between California and 
Oregon. Another possible explanation for the 
inconsistency of the statistics is that our defini- 
tion of both the Oregon CFP and the Baja 
California CFP differs from that of Raven and 
Axelrod (1978); we include a smaller portion of 
Oregon, thereby potentially reducing the number 
of CFP endemics compared to Raven and 
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TABLE 4. Comparison to Raven and Axelrod (1978). This table summarizes data based on the vascular flora at 


the species level. 


Study CFP native CFP endemic Baja CFP endemic Oregon CFP endemic 
Raven and Axelrod 1978 4452 2125 (47.7%) 227 90 
Present 5006 1846 (36.9%) 136 13 


Axelrod (1978). Yet another potential explana- 
tion for the lower level of endemism found in our 
study is the expansion of knowledge and docu- 
mentation on the western North American flora 
that has taken place in the 38 years since the 
publication of Raven and Axelrod’s (1978) paper; 
exploration of remote regions of western North 
America has revealed disjunct, non-CFP popula- 
tions of many plants that were previously 
considered CFP endemics. For example, Quercus 
cedrosensis C.H. Mull. was originally thought to 
be endemic to a small part of the Baja CFP, but is 
now known from the non-CFP parts of Baja 
California, as well as southern San Diego 
County, California. 


Proposed Regions of the CFP 


Our work highlights the cohesiveness of the 
CFP, particularly the intimate connections be- 
tween the non-Californian portions of the CFP 
and the immediately adjacent Californian regions 
(Fig. 3). By way of focusing research and 
scientific communication on these important 
connections, we propose that a total of six formal 
Regions of the CFP be recognized, three of them 
identical to those used by the Jepson Flora 
Project (Cascade Range, Central Coast Range, 
and Central Valley), and three expanded in terms 
of their geographic scale: the Sierra Nevada 
Region expanded to include the portion of the 
CFP in Nevada (see Materials and Methods), 
the South Western Region expanded to include 
the Baja California portion of the CFP, and the 
North Western Region expanded to include the 
Oregon portion of the CFP (Fig. 1). 


The Future of CFP Research 


Overall, the results that we have presented are 
a summary of current knowledge on land plant 
diversity in the CFP, developed from a variety of 
sources, but having their foundation in the 
recently revised Jepson Manual (Baldwin et al. 
2012). Like the Jepson Manual, a list of CFP taxa 
must be considered a work in progress, which will 
change as systematic understanding evolves and 
exploration of the CFP continues, particularly in 
Baja California. Our list should serve as a start- 
ing point, to be modified as our understanding of 
the flora changes; continual adjustment and 
maintenance will allow the list to remain useful. 
Nevertheless, we hope that future research will 
pursue new methods of quantifying endemism 


and diversity in the CFP, especially naive 
approaches based on herbarium data, which will 
reveal more meaningful biotic regions than the 
ones used in the present study. This work will 
inevitably lead to significant insights on the 
origins of western North America’s remarkable 
and unique biota. 
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The California Botanical Society has several annual membership categories: Regular $40; family $45; emeritus 
$32; and student $27 for a maximum of seven years. Life membership is $850. Beginning in 2016, membership 
rates will increase as follows: Regular $50, family $55, emeritus $35, student $30 and life $1,000. Members of 
the Society receive MADRONO free, in print and online, and can opt not to receive MADRONO in print. Institutional 
subscriptions to MADRONO are $75 per year and beginning in 2016 will increase to $85. Membership and insti- 
tutional subscriptions are based on the volume year of MADRONO, which follows the calendar year. Applications 
for membership/institutional subscriptions and renewals may be made online or by sending the membership form 
(also available online) to the Membership Chair. Requests for changes of address, and MADRONO delivery inquiries 
should be sent to the Membership Chair. Orders for back issues of MADRONO may also be made online at http:// 
calbotsoc.org or by sending the order form (available on line) to the Corresponding Secretary. Price and mailing 
cost inquiries for back issues of MADRONO should be sent to the Corresponding Secretary. 
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Submit manuscripts to http://www.edmgr.com/madrono/. If you are submitting a manuscript for the first time to 
the MADRONO PeerTrack website, you must first register by clicking "register now" and following the instructions. 
Manuscripts by authors having outstanding page charges will not be sent for review. 

Manuscripts may be submitted in English or Spanish. English-language manuscripts dealing with taxa or topics 
of Latin America and Spanish-language manuscripts must have a Spanish RESUMEN and an English ABSTRACT. 

For all articles and short items (NOTES, NOTEWORTHY COLLECTIONS, POINTS OF VIEW, etc.), follow 
the format used in recent issues for the type of item submitted. Detailed information for contributors, including 
instructions for manuscript preparation, is available at the California Botanical Society website, www.calbotsoc. 
org; follow the link for MADRONO. 

All California Botanical Society members current in the volume year that their contributions are published are 
allowed five free pages per volume year. Additional pages will be charged at the rate of $40 per page. Joint authors 
may apply all or a portion of their respective five-page allotments to a jointly-published article. Partial pages will 
be charged as full. The purpose of this fee is not to pay directly for the costs of publishing any particular paper, 
but rather to allow the Society to continue publishing MADRONO on a reasonable schedule, with equity among all 
members for access to its pages. Printer’s fees for color plates and other complex matter (including illustrations, 
charts, maps, photographs) will be charged at cost. Author’s changes after typesetting @ $4.50 per line will be 
charged to authors. Page charges are important in maintaining MADRONO as a viable publication, and timely pay- 
ment of charges is appreciated. 

At the time of submission, authors must provide information describing the extent to which data in the manuscript 
have been used in other papers that are published, in press, submitted, or soon to be submitted elsewhere. 
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